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(57) Abstract 

A TDMA radio communication system combines time and frequency division duplex. It includes a first base station transmitting in 
first downlink frames (118, 120) on a first carrier frequency (FTX) in a first frequency band and receiving in first uplink frames (122), which 
have no time overlap with the first downlink frames (118, 120), on a second carrier frequency {¥KX) in a second frequency band, which has 
no frequency overlap with the first frequency band. The system also includes a second base station, which has partially overlapping radio 
coverage area with the first base station, but is geographically separated from the first base station in order to avoid that transmission from 
one base station disturbs reception from radio terminals on the other base station. The second base station transmits in second downlink 
frames (128) on the first carrier frequency and receives in second uplink frames (124, 126), which have no time of overlap with the second 
link frames (128), on the second carrier frequency. The first and second link frames are offset to have no time overlap. A network controller 
synchronizes transmission from the first and second base stations. 
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TDMA-TDD/FDD RADIO COMMUNICATION SYSTEM AND CHANNEL 
SELECTION METHOD AND APPARATUS FOR SUCH A SYSTEM 

TECHNICAL FIELD 

The present invention relates in general to the mobile radio communication field and, 
in particular, to a system for Time Division Multiple Access through a combination of 
Time Division Duplex and Frequency Division Duplex. The invention also relates to a 
radio terminal controlled dynamic channel selection method and apparatus for such 
a system. 

BACKGROUND OF THE INVENTION 



The "Digital Enhanced Cordless Telecommunications" system (DECT) is 
standardized by the European Telecommunications Standards Institute and is an 
example of a system that uses TDMA-TDD (Time Division Multiple Access - Time 
Division Duplex) for radio communication, in DECT, transmission is synchronized 
betv^een all base stations, i.e. all downlink transmission occurs during a first 5 ms 
period of a frame and all uplink transmission occurs during a second 5 ms period of 
the same frame. On one TDMA-TDD carrier frequency the first 5 ms period is 
dedicated to 12 downlink time slots and the second 5 ms period is dedicated to 12 
uplink time slots, enabling the use of one single carrier frequency for both downlink 
and uplink communication of the same bi-directional connection. 

Known TDMA-FDD (Time Division Multiple Access - Frequency Division Duplex) 
systems separate downlink transmission from uplink reception by perfonning the two 
tasks on different carrier frequencies and at different times in the mobile radio 
stations, but simultaneously in the radio base stations. The GSM and D-AMPS 
systems are examples of TDMA-FDD systems. 

TDMA-TDD and TDMA-FDD systems both have their advantages and 
disadvantages. WO 97/21287 (ADVANCED MICRO DEVICES) describes a system 
that attempts to combine the advantages of TDMA-TDD and TDMA-FDD. In this 
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combined TDMA-TDD/FDD system the uplink and downlink transmission between a 
radio base station (BS) and a mobile radio station (MS) are separated both in time 
and frequency. The uplink and downlink transmissions use separate frequency 
bands, as in TDMA-FDD. but uplink and downlink transmissions also use separate 
time intervals, as in TDMA-TDD. However, a disadvantage of the system described 
in WO 97/21287 is that, by transferring the uplink transmission to a frequency band 
that is separate from the downlink transmission band, each band will only be used 
50% of the time, which is a significant waste of valuable spectrum resources. 

SUMMARY OF THE INVENTION 

A primary object of the present invention is to provide a more spectrum efficient 
combined TDMA-TDD/FDD system. 

Another object of the present invention is to provide such a spectrum efficient TDMA- 
TDD/FDD system, which allows asymmetrical traffic uplink and downlink, e.g. more 
traffic downlink, as may be required by, for example by an Internet connection. 

It is a further object of the present invention to provide such a spectrum efficient 
TDMA-TDD/FDD system, which allows mobile station controlled dynamic channel 
selection (DCS). 

Yet another object of the invention is to provide such a spectrum efficient TDMA- 
TDD/FDD system, which allows communicating in a cost-effective way over, fixed 
long distance RLL (Radio in the Local Loop) connections. 

These objects are achieved in accordance with the appended claims. 

Briefly, these and further objects of the present invention are achieved by providing 
two sets of radio base stations in a synchronized TDMA-TDD/FDD system which 
uses two frequency bands. The first set of base stations uses available frequencies 
part of the time and a second set of base stations uses available frequencies during 
the remaining part of the time. 
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In one embodiment of the present invention half of the communications use a first 
set of base stations and the other half of communications use a second set of base 
stations. There is a time offset between the two sets, thus allowing transmission 
downlink and uplink on ail frequencies all the time, but not allowing simultaneous 
transmission and reception in the same unit, (e.g. same BS or same MS). In this 
embodiment, a first frequency band is always used for uplink and a second 
frequency band is always used for downlink transmission, in this embodiment the 
base stations in the two sets have partially overlapping radio coverage, but are 
geographically separated in order to avoid that a base station in one set during 
transmission disturbs reception in a base station in the other set. 

In another embodiment of the present invention half of the communications also use 
a first set of base stations and the other half of communications use a second set of 
base stations. However, in this embodiment the first set uses time slots on a carrier 
frequency in a first frequency band for downlink transmission and time slots on a 
carrier frequency in a second frequency band for uplink transmission, whereas the 
second set uses time slots on the carrier frequency in the second frequency band for 
downlink transmission and time slots on the carrier frequency in the first frequency 
band for uplink transmission. This allows transmitting both downlink and uplink on all 
frequencies, but avoids simultaneous transmission and reception in the same unit, 
(e.g. same BS or same MS). In this embodiment a first time interval is always used 
for uplink transmission and a second time interval is always used for downlink 
transmission. This arangement facilitates asymmetrical use of the frequency bands 
as will be explained further on. 

In a further embodiment, the present invention is applied to fixed connections in an 
RLL system, e.g. connections between a network controller and remote buildings at 
a considerable distance, e.g. of the order of 20 km. 

In yet a further embodiment of the present invention, dynamic channel selection 
(DCS) is used by listening in the MS not only, as in the prior art. to the downlink time 
slots not used by the mobile station itself, but also to downlink time slots of another 
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set of base stations, thus enabling a cliannel selection of channels belonging to 
either sets of base stations when performing handover or initial selection of a 
channel for a call. 

One important technical advantage of the present invention is that it provides 
spectrum efficiency for a synchronized TDMA-TDD/FDD system by employing the 
unused 50% of the time that becomes available in radio base stations when bi- 
directional (duplex) communication channels only use 50% of an uplink canier and 
50% of a downlink carrier frequency. 

Another important technical advantage of the present invention is that the previously 
unused 50% of the time available on uplink and downlink carriers is made use of by 
delaying a part. e.g. 50%, of the transmission, thus satisfying any regulatory 
requirement to always use one frequency band uplink and another frequency band 
dovwilink. 

Still another Important technical advantage Is that the previously unused 50% of the 
time available on uplink and downlink carriers, when no regulation according to the 
previous paragraph exists, can be made use of in an alternative way that, instead of 
assigning frequency bands to up- and downlink respectively, assigns a first time 
period to downlink and a second time period to uplink. This assignment has the 
advantage of enabling asymmetrical traffic up- and downlink as e.g. required for 
Internet applications. Any multi-channel usage can, as an additional advantage, use 
frequency hopping between time slots of one multi-time-slot series of bursts thus 
improving transmission quality. 

A further important technical advantage of the present invention is that it combines 
the cost advantages of TDMA-TDD with the advantage of long distance mobile 
telephony of TDMA-FDD. This is particularly valuable in RLL because larger 
distances from a network controller to remote base stations can be handled by 
TDMA-TDD/FDD radio connections, whereas local short distance radio connections 
between base stations and mobile stations can use the conventional TDMA-TDD, 
however not excluding TDMA-TDD/FDD as an alternative possibility. 
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Yet another important technical advantage is that the inventive TDMA-TDD/FDD 
system provides for the first time in mobile telephony the advantages of TDMA-FDD, 
such as long distance radio connections, without requiring frequency planning, 
because the inventive TDMA-TDD/FDD system, in one embodiment, employs 
dynamic channel selection (DCS) by the mobile stations, which is common in TDMA- 
TDD systems, but which has not been applied to TDMA-FDD systems before. 

Still another advantage of the present invention is that it allows two operators 
operating in the same frequency bands. Previously different operators of TDMA-FDD 
systems were restricted to different frequency bands. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The invention, together with further objects and advantages thereof, may best be 
understood by making reference to the following description taken together with the 
accompanying drawings, in which: 

FIG. 1 schematically shows a cellular mobile radio communication system; 

FIG. 2 schematically shows the usage of a carrier frequency in a TDMA-TDD 
system; 

FIG. 3 schematically shows the usage of two carrier frequencies in a TDMA- 
FDD system; 

FIG. 4 schematically shows the usage of two carrier frequencies in a prior art 
TDMA-TDD/FDD system; 

FIG. 5 schematically shows the usage of two carrier frequencies according to 
an embodiment of the present invention; 

FIG. 6 schematically shows the usage of two carrier frequencies in an 
embodiment that implements full rate channels in a GSM system that has been 
modified in accordance with the present invention; 

FIG. 7 schematically shows the usage of two carrier frequencies according to 
an altemative embodiment of the present invention; 

FIG. 8 schematically shows the usage of two canrier frequencies according to 
an asymmetrical embodiment of the present invention; 
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FIG. 9 schematically shows the usage of two carrier frequencies according to 
another embodiment of the present invention; 

FIG. 10 schematically shows a cellular mobile radio communication system 
with radio connection between network controller and radio base stations; 

FIG. 11 is a flow chart illustrating a dynamic channel selection method 
suitable for a TDMA-TDD/FDD system operating in accordance with the embodiment 
of fig. 5; 

FIG. 12 is a simplified block diagram of a mobile station suitable for 
perfonning the dynamic channel selection method in fig. 1 1 ; 

FIG. 13 is a flow chart illustrating a dynamic channel selection method 
suitable for a TDMA-TDD/FDD system operating in accordance with the embodiment 
of fig. 7; and 

FIG. 14 is a simplified block diagram of a mobile station suitable for 
performing the dynamic channel selection method in fig. 13. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

Terminology of prior art TDMA-TDD and TDMA-FDD systems is inconsistent. For the 
purposes of this description the following tenninology will therefor be used: 

A downlink frame is a collection of consecutive time slots (bursts) transmitted from a 
base station. 

An uplink frame is a collection of consecutive time slots received in a base station. 

A duplex frame is the combination of the downlink and uplink frames. 

Fig. 1 schematically shows a part of a cellular mobile radio communication system. A 
network controller, e.g. a mobile sen/ices switching center MSG, is connected to two 
geographically separated base stations BS1 and BS2 in the same area (partially 
overlapping radio coverage). Base stations BS1, BS2 are in radio contact with 
respective mobile radio stations MS1 and MS2. The present invention is primarily 
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concerned with the nature of the radio connection between these base and mobile 
stations. 

Fig. 2 schematically shows the usage of a carrier frequency in a frequency band 
used by a prior art TDMA-TDD system. A base station, for example BS1, transmits 
downlink to mobile station MS1 in a time slot marked TX in a downlink frame 100 on 
a carrier frequency F. Mobile station MSI transmits uplink to base station BS1 in a 
time slot marked RX in an uplink frame 102 (the slot is marked RX to indicate that 
during this time slot the base station operates as a receiver) on the same carrier 
frequency F. Downlink frames 100, 102 together fomi a duplex frame. Downlink 
frame 104 is the first part of the next duplex frame, in which this pattern is repeated. 
It is noted that time slots TX and RX, which belong to the same duplex channel, 
have the same position relative to the beginning of their respective frame (downlink 
and uplink). 

Fig. 3 schematically shows the usage of two carrier frequencies in two frequency 
bands used by a prior art TDMA-FDD system, such as the GSM system. In this case 
downlink transmission is separated from uplink transmission by performing the two 
tasks on different carrier frequencies FTX and FRX. Duplex connections are formed 
by the repeated downlink and uplink time slots TX, RX on frame pairs (106, 112), 
(108, 114) and (110, 116). Note that the uplink frames are delayed (3 time slots in 
GSM) with respect to the downlink frames when comparing transmission and 
reception in a base station. 

Fig. 4 schematically shows the usage of two carrier frequencies in two frequency 
bands in a prior art TDMA-TDD/FDD system. As in TDMA-FDD downlink 
transmission is separated from uplink transmission by performing the two tasks on 
different carrier frequencies FTX and FRX. However, this combined system also 
resembles a TDMA-TDD system, since downlink and uplink frames are also 
separated in time in the same way as in a TDMA-TDD system. A duplex frame is 
formed by downlink frame 118 and uplink frame 122. Downlink frame 120 is the first 
part of the next duplex frame. 
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As is apparent from fig. 4 this prior art TDMA-TDD/FDD system uses each carrier 
frequency only 50% of the time. During the blank time periods the base station 
neither transmits nor receives, which is very inefficient. 

Fig. 5 schematically shows the usage of two carrier frequencies in two non- 
overlapping frequency bands according to an embodiment of the present invention. 
As in the TDMA-TDD system in fig. 4, downlink frames 118, 120 and uplink frame 
122 are assumed to include the duplex connection BS1-MS1. However, according to 
the present invention the blank time periods of fig. 4 are used by another base 
station, for example base station BS2 in fig. 1 , to provide further connections, such 
as a connection BS2-MS2. This is represented by the dashed downlink and uplink 
frames 128 and 124, 126. respectively. In this and several of the following figures 
connection BS2-MS2 uses the same time slot as connection BS1-MS1. However, 
connection BS2-MS2 may alternatively use any time slot in that frame. Also note that 
base station BS2 still transmits on frequency FTX and receives on frequency FRX, 
but the transmission (and reception) is delayed half a duplex frame as compared to 
base station BS1. The same principle may be used for other carrier frequency pairs 
in the two frequency bands to which frequencies FTX and FRX belong. Thus, by 
providing two sets of synchronized base stations and time shifting the transmission 
(and reception) of the sets, the present invention fills out the blank time periods in 
the prior art system of fig. 4. The synchronizing and time shifting is controlled by 
network controller MSC in fig. 1. The base stations BS1 and BS2 have partially 
overiapping radio coverage, but are geographically sufficiently separated, so that 
reception from mobile stations by one base station is not disturbed by transmission 
to mobile stations by the other base station. Since the frequencies FTX and FRX are 
different (for example 45 MHz apart in the GSM system), a separation of about 10 m 
will usually be sufficient. This embodiment of the present invention also restricts 
downlink transmission to one frequency band and uplink transmission to another 
frequency band, a feature that is often required by regulations in some countries. 

Fig. 6 schematically shows the usage of two carrier frequencies in two non- 
overiapping frequency bands in an embodiment that implements full rate channels in 
a GSM system that has been modified in accordance with the present invention. The 
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delay between uplink frames and downlink frames has been increased from 3 to 8 
time slots in order to separate transmission and reception by the base station in both 
time and frequency. Furthermore, the "idle" time periods are filled by a second base 
station, the transmission and reception of which is synchronized with, but delayed 
one downlink frame with respect to the first base station. Full rate channels are 
implemented by using two time slots in each downlink and uplink frame. In this 
embodiment, two time slots in every downlink and uplink frame are allocated to the 
full rate channel. In the embodiment illustrated in fig. 6, these two time slots are 
consecutive. However, this is not necessary. They could also be separated by, for 
example, 1 , 2 or 3 time slots. 

Fig. 7 schematically shows the usage of two carrier frequencies in two non- 
overlapping frequency bands according to an alternative embodiment of the present 
invention. As in the TDMA-TDD system in fig. 4 and the embodiment of fig. 5, 
downlink frames 118, 120 and uplink frame 122 are assumed to include the duplex 
connection BS1-MS1. Duplex connection BS2-MS2 is provided by downlink frames 
130. 132 and uplink frame 134. However, in this alternative embodiment downlink 
and uplink transmissions are not restricted to separate frequency bands. Instead the 
synchronized (by the MSG) base stations of the two sets transmit simultaneously and 
receive simultaneously. Note that each carrier frequency is used for both downlink 
and uplink transmission (therefore they have been denoted F1 and F2 rather than 
FTX an FRX as in fig. 5). This alternative embodiment may be characterized by 
saying that all base stations "do the same thing (transmit or receive) at the same 
time", whereas the embodiment of fig, 5 may be characterized by saying that all base 
stations "do the same thing (transmit or receive) on the same frequency band ". 
Furthermore, this embodiment does not require a geographical separation of base 
stations BS1 and BS2. 

Fig. 8 schematically shows the usage of two carrier frequencies in two non- 
overlapping frequency bands according to an asymmetrical embodiment of the 
present invention. A further analysis of the statement that base stations "do the 
same thing (transmit or receive) at the same time" of the previous paragraph reveals 
that it in such an embodiment it is actually not necessary that downlink frames have 
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the same duration as uplink frames. This leads to the possibility of an asymmetrical 
embodiment of the present invention, as illustrated in fig. 8. In the embodiment of 
fig. 8 the two available carrier frequencies are reserved for only two dupfex 
connections, BS1-MS1 and BS2-MS2, respectively. These connections are both 
asymmetrical in the sense that the downlink frames are much longer than the uplink 
frames. This asymmetry is very useful, for example, when a mobile station is 
connected to the Internet. Such an Internet connection is characterized by 
transmitting much more data to a mobile station than is received from the mobile 
station. An asymmetrical connection may be established by the network controller 
MSG by reserving one carrier frequency from each band. However, it is to be noted 
that if such an asymmetrical connection is established, the other connection (which 
fills in the blank periods) on the same canrier frequencies must also have exactly the 
same asymmetry (since it has to "do the same thing (transmit or receive) at the same 
time"). 

Fig. 9 schematically shows the usage of two carrier frequencies in two non- 
overlapping frequency bands according to another embodiment of the present 
invention. In this embodiment a third set of base stations, including a base station 
BS3 is added. The base stations of each set transmit on frequency FTX and receive 
on frequency FRX. This embodiment illustrates the fact that more than two sets of 
base stations may be used to implement the basic idea of the present invention. 
Since one of the advantages of the present invention is to provide the possibility to 
have several operators using the same frequency bands, this embodiment is 
attractive if more than two operators are allocated the same frequency bands. 
Another advantage of this embodiment is if one operator has more traffic than 
another operator using the same frequency bands. In this case the first operator may 
use two sets of base stations, while the other operator uses only one set. 

Fig. 10 schemafically shows a cellular mobile radio communication system with radio 
connection between network controller and radio base stations. As explained earlier, 
transmission and recepfion in base stations does, according to the invention, not 
occur simultaneously, thus enabling substantial cost savings in the base stations, 
because it is technically simpler to separate transmission and reception in time than 
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in frequency. However, if simultaneous transmission and reception is necessary, as 
may be the case in network controllers, division in frequency is possible (at an 
increased cost) using filters and directional antennas in the controller. In figure '10 
there are radio base stations BS1, BS2 using different offsets for communicating with 
the respective mobile stations MSI, MS2. The network controller MSG is treated 
transmission-wise as a mobile station, thus causing simultaneous transmission and 
reception in the controller. 

In an alternative embodiment, not shown in figure 10, there are two network 
controllers, each associated with one of the radio base stations BS1, BS2. This 
embodiment can be used if two independent operators are active in the same 
geographical area. The invention requires that they synchronize their systems, but 
otherwise they can operate the systems fully independently, since each of them is 
assigned 50% of the time available on the frequency bands. 

The prior art mobile radio system of figure 2 may employ dynamic channel selection, 
DCS. State of the art DCS for DECT TDMA-TDD applications is described in section 
11.4 of ETSI ETS 300 175 - 3: "Radio Equipment and Systems (RES) ; Digital 
European Cordless Telecommunications (DECT) Common Interface Part 3: Medium 
access control layer" and in Annex E of ETSI ETR 310: "Traffic capacity and 
spectrum requirements for multi-system and multi-service applications co-existing in 
a common frequency band". The traffic channel selection is perfomied by the mobile 
station. For symmetric duplex channels the first half of the frame (5 ms) is used for 
downlink time slots and the second half (5 ms) is used for the uplink time slots. For 
duplex channels each downlink time slot is paired with an uplink time slot, both 
operating on the same carrier frequency. The mobile station selects for each new call 
or handover the channel (duplex pair) that is least interfered of all available channels. 
In this process the mobile station only makes measurements in the downlink frame. 
The reason that only measurement on the downlink is needed, is that for duplex 
connections, the con-esponding uplink is only used together with the downlink. 
Therefore, there is a very high local con-elation between the quality of the measured 
downlink and the quality of the corresponding following duplex connection, and it is 
enough to use the downlinks for quality estimates of the duplex channels. For TDMA- 
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TDD/FDD in accordance with the present invention, the downlink and uplinl< frames 
do not only use different parts of the duplex frame (first and second half), but also 
different carrier frequencies (see fig. 5). This change does not require any change to 
the basic DCS procedure referred to above. It is still enough to use only the downlink 
frames for quality estimates of the duplex channels, as long as the mobile station 
only shall have access to synchronized base stations with the same time offset (only 
one of the sets of base stations). 

However, for the TDMA-TDD/FDD system of the present invention, the two carriers 
are only used half of the time for each set of base stations. Therefore, as described 
above with respect to fig. 5, two sets of base stations can be defined with frames 
having half a duplex frame relative offset (or with 3 sets of base stations as in fig, 9, 
1/3 duplex frame relative offset). In this way the carriers FTX and FRX are fully used. 
As long as each mobile station is supposed to have access to only one of the base 
station sets, the above basic DCS procedure still applies (is a reasonable limitation 
for RLL applications). But if a mobile station shall have access to all sets of base 
stations and be able to make handover between them, the above DCS procedure 
has to be modified. The mobile station is always locked to one base station 
belonging to one set of base stations. To make a handover or a call set up to a base 
station belonging to another set, the mobile station must scan the downlinks with the 
offset as defined for this new set. Thus the change in the DCS is that the mobile 
station must be able to scan on its receive carrier, not only half the duplex frame, but 
the whole duplex frame. 

Fig. 11 is a flow chart illustrating a dynamic channel selection method suitable for a 
TDMA-TDD/FDD system operating in accordance with the embodiment of fig. 5. The 
procedure starts in step SI. Step S2 measures channel quality on downlink frames 
belonging to set 1 of base stations. In step S3 offset infonmation regarding set 1 is 
received by the mobile station. Step S4 measures channel quality on downlink 
frames belonging to set 2 of base stations. In step S5 offset infomriation regarding 
set 2 is received by the mobile station. Step S6 decides which downlink channel on 
which frequency is least disturbed, and step S7 locks onto the con-esponding 
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channel and adjusts the timing in accordance with the offset for the corresponding 
set of base stations. This ends the procedure in step S8. 

Fig. 12 is a simplified block diagram of a mobile station MS suitable for perfomiing 
the dynamic channel selection method in fig. 11. A transmitter TX and a receiver RX 
are controlled by a control unit CU over switches SW1, SW2, which are controlled by 
a control signal C. Switches SW1, SW2 connect either transmitter TX or receiver RX 
to control unit CU and an antenna A. When mobile station MS is not transmitting it 
measures interference level and timing in time slots (from base stations in both sets) 
on carrier frequencies in the downlink frequency band. It also continuously updates a 
memory location CH, which stores the channel identification of the least disturbed 
channel and its timing. Control unit CU is typically implemented by a micro processor 
or a micro/signal processor combination and a corresponding control program P1. 

For the embodiment of fig. 7 the mobile station does not have to consider an offset 
between different sets of base stations In connection with DCS. However, since there 
are now downlinks on two frequencies F1 and F2 simultaneously, it has to measure 
channel quality on two downlink frequency bands instead of one frequency band. It 
must also be capable of transmission and reception on either band, since it may lock 
to a base station from either set. 

Fig. 13 is a flow chart illustrating a dynamic channel selection method suitable for a 
TDMA-TDD/FDD system operating in accordance with the embodiment of fig. 7. The 
procedure starts in step S10. Step S11 measures, in the mobile station, channel 
quality on downlink frames belonging to set 1 of base stations, which transmit in a 
first frequency band. Similarly, step S12 measures channel quality on downlink 
frames belonging to set 2 of base stations, which transmit in the second frequency 
band. Step S13 decides which downlink channel is least disturbed, and step S14 
locks onto the corresponding channel. This ends the procedure in step 815. 

Fig. 14 is a simplified block diagram of a mobile station suitable for performing the 
dynamic channel selection method in fig. 13. This block diagram is similar to the 
block diagram in fig. 12. The main difference is that control unit CU executes another 
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control program P2, which measures interference in time slots in both frequency 
bands. Control unit CU also controls (with control signals C1 and C2) transmitter TX 
and receiver RX to transmit and receive in either band, depending on the currently 
selected channel. 

It will be understood by those skilled in the art that various modifications and changes 
may be made to the present invention without departure from the spirit and scope 
thereof, which is defined by the appended claims. 
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CLAIMS 



1. A TDMA radio communication system combining time and frequency division duplex 
and including 

a first base station having a first radio coverage area and transmitting in first 
downlink frames on a first earner frequency and receiving in first uplinl< frames, which 
have no time overlap with said first downlink frames, on a second, different carrier 
frequency, said system being characterized by including: 

a second base station having a second radio coverage area and transmitting in 
second downlink frames on said first carrier frequency and receiving in second uplink 
frames, which have no time overlap with said second downlink frames, on said second 
earner frequency, said second radio coverage area partially overlapping said first radio 
coverage area, and said second base station being geographically separated from said 
first base station in order to avoid that transmission from one base station disturbs 
reception from radio terminals on the other base station; and 

a network controller synchronizing transmission from said first and second base 
stations and offsetting transmission from said second base station by one downlink 
frame relative to transmission from said first base station. 

2. The system of claim 1, characterized in that each downlink frame has 1 time slot 
associated with a connection. 

3. The system of claim 1, characterized in that each downlink frame has 2 time slots 
associated with a connection. 

4. The system of claim 1, characterized by mobile radio temainals monitoring channel 
quality and offset on downlink frames from both base stations for perfonning mobile 
radio terminal controlled dynamic channel selection in connection with call setup and 
handover. 

5. The system of any of the preceding claims, characterized in that 

said first base station belongs to a set of base stations having a predetermined 
transmission timing; 
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said second base station belongs to a second set of base stations, which is 
synchronized with said first set of base stations, but has a transmission timing offset of 
one downiinl< frame relative to said transmission timing of said first set of base stations; 

said first frequency belongs to a first frequency band used by base stations in 
both sets of base stations; and 

said second frequency belongs to a second frequency band used by base 
stations in both sets of base stations, said second frequency band having no frequency 
overlap with said first frequency band. 

6. The system of claim 5, characterized in that 

said first set of base stations is allocated to a first operator; and 
said second set of base stations is allocated to a second operator. 

7. The system of claim 5, characterized in that communication between said first and 
second sets of base stations on one hand and said network controller on the other 
hand is performed on said first and second frequency bands, said network controller 
having means for allowing simultaneous transmission and reception, whereas said 
base stations not having such means. 

8. ATDMA radio communication system combining time and frequency division duplex 
and including 

a first base station transmitting in first downlink frames on a first carrier 
frequency and receiving in first uplink frames, which have no time overlap with said first 
downlink frames, on a second, different carrier frequency, said system being 
characterized by including: 

a second base station transmitting in second downlink frames on said second 
carrier frequency and receiving in second uplink frames, which have no time overlap 
with said second downlink frames, on said first carrier frequency; and 

a network controller synchronizing and time aligning transmission from said 
first and second base stations. 

9. The system of claim 8, characterized by a symmetric mode in which dovvnlink 
ft^mes contain the same number of time slots as uplink frames. 
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10. The system of claim 8, characterized by an asymmetric mode in which downlink 
frames contain a different number of time slots as compared to uplink frames. 

11. The system of claim 8, characterized by mobile radio temiinals monitoring channel 
quality on downlink frames from both base stations for performing mobile radio 
tenninal controlled dynamic channel selection in connection with call setup and 
handover. 

1 2. The system of any of the preceding claims 8-1 1 , characterized in that 

said first base station belongs to a set of base stations having a predetemnined 
transmission timing; 

said second base station belongs to a second set of base stations, which is 
synchronized and time aligned with said first set of base stations; 

said first frequency belongs to a first frequency band used by base stations in 
both sets of base stations; and 

said second frequency belongs to a second frequency band used by base 
stations in both sets of base stations, said second frequency band having no frequency 
overlap with said first frequency band. 

13. The system of claim 12, characterized in that 

said first set of base stations is allocated to a first operator; and 
said second set of base stations is allocated to a second operator. 

14. The system of claim 12, characterized in that communication between said first 
and second sets of base stations on one hand and said networi< controller on the other 
hand is performed on said first and second frequency bands, said network controller 
having means for allowing simultaneous transmission and reception, whereas said 
base stations not having such means. 

15. A mobile radio tenninal in a TDMA radio communication system combining time 
and frequency division duplex, said system including 
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a first base station having a first radio coverage area and transmitting in first 
downlink frames on a first carrier frequency and receiving in first uplink frames, which 
have no time overlap with said first downlink frames, on a second, different carrier 
frequency: 

a second base station having a second radio coverage area and transmitting in 
second downlink frames on said first earner frequency and receiving in second uplink 
frames, which have no time overlap with said second downlink frames, on said second 
canier frequency, said second radio coverage area partially overlapping said first radio 
coverage area, and said second base station being geographically separated from said 
first base station in order to avoid that transmission from one base station disturbs 
reception from radio tenninals on the other base station; and 

a network controller synchronizing transmission from said first and second base 
stations and offsetting transmission from said second base station by one downlink 
frame relative to transmission from said first base station, said mobile radio terminal 
being characterized by 

a control unit for monitoring channel quality and offset on downlink frames from 
both base stations for perfomning mobile radio temiinal controlled dynamic channel 
selection in connection with call setup and handover. 

16. A mobile radio tenninal in a TDMA radio communication system combining time 
and frequency division duplex, said system including 

a first base station transmitting in first downlink frames on a first can-ier 
frequency and receiving in first uplink frames, which have no time overlap with said first 
downlink frames, on a second, different canier frequency: 

a second base station transmitting in second dov\mlink frames on said second 
carrier frequency and receiving in second uplink frames, which have no time overlap 
with said second downlink frames, on said first carrier frequency; and 

a network controller synchronizing and time aligning transmission from said 
first and second base stations, said mobile radio terminal being characterized by 

a control unit for monitoring channel quality on downlink frames from both base 
stations for performing mobile radio terminal controlled dynamic channel selection in 
connection wnth call setup and handover. 
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17. A dynamic channel selection method for a mobile radio temiinal in a TDMA radio 
communication system combining time and frequency division duplex, said system 
including 

a first base station having a first radio coverage area and transmitting in first 
dovjM frames on a first carrier frequency and receiving in first uplink frames, which 
have no time overlap with said first downlink frames, on a second, different carrier 
frequency: 

a second base station having a second radio coverage area and transmitting in 
second downlink frames on said first carrier frequency and receiving in second uplink 
frames, which have no time overiap with said second downlink frames, on said second 
carrier frequency, said second radio coverage area partially overiapping said first radio 
coverage area, and said second base station being geographically separated from said 
first base station in order to avoid that transmission from one base station disturbs 
reception from radio tenminals on the other base station; and 

a network controller synchronizing transmission from said first and second base 
stations and offsetting transmission from said second base station by one downlink 
frame relative to transmission from said first base station, said dynamic channel 
selection method being characterized by 

monitoring channel quality on downlink frames from both base stations; 

selecting a channel based on said channel quality; and 

locking said mobile radio tenninal to said selected channel. 

18. A dynamic channel selection method in a mobile radio temninal in a TDMA radio 
communication system combining time and frequency division duplex, said system 
including 

a first base station transmitting in first dovwilink frames on a first carrier 
frequency and receiving in first uplink frames, which have no time overlap with said first 
- dovwilink frames, on a second, different carrier frequency: 

a second base station transmitting in second downlink frames on said second 
carrier frequency and receiving in second uplink fi-ames, which have no time overiap 
with said second dovwilink frames, on said first carrier frequency; and 
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a network controller synchronizing and time aligning transmission from said 
first and second base stations, said dynamic channel selection method being 
characterized by 

monitoring channel quality on downlink frames from both base stations; 
selecting a channel based on said channel quality; and 
locking said mobile radio temninal to said selected channel. 



wo 99/38343 



PCT/SE99/00022 



1/4 



use 



BSl 



BS2 



Fig. 1 



•MSI 



TX 



100 



RX 



102 
_ri_ 



1 1 ITX 



Fig. 2 (PRIOR ART) 



104 



TIME 



FTX TX 



FRXV 



106 



RX 



112 



TX 



108 



RX 



Fig. 3 (PRIOR ART) 



TX 



110 




114 116 
^ TIME 



FTX I ITX 
FRX 



118 



1 



RX 



Fig. 4 



TX 



122 



120 



TIME 



(PRIOR ART) 



3NSOOCID:<WO 09RS?WAaA9 I > 



wo 99/38343 



PCT/SE99/00022 



2/4 



118 128 

J. . C^- 



FTX 

FRX L.. 



TX 



TX 



120 



BSl 



124 



RX 



Fig. 5 



122 



][::;rx[: bs2 

^ TIME 



118 



FTX I [fx TX 



128 

^"TTXrTX''" ■ 



jiii-j ' 



TXITX 



120 
J. 



5 



FRX [_lRXlRXl^ ' 



RXRX 



124 Pig 6 



122 



TIME 



BSl 126 

BS2 



Fl 
F2 



TX 



118 134 



TX 



120 



RX 



■V" 

130 Pig, 7 



122 



1 — rrnvr' 

l__Li^l_. 



TIME 



BSl 

BS2 



DOWNUNK 

^ 



UPUNK 



DOWNUNK 



UPLINK 



TX 



1 [ " TX I RX "! 



TX 



1 1 TX I RXj 



___ TX , L—^-:^^— 



•-I r" 



TX 



RX 



RX 



Fig. 8 



TIME 



Fl 
F2 



TX 



11 



Ll£il I •-. 



RX 



• BSl 

BS2 

] bs3 



Fig. 9 



TIME 



wo 99/38343 



PCT/SE99/00022 




START 



SI 



MEASURE CHANNEL QUAUTY ON 
DOWNUNK SLOTS OF SET 1 



GET OFFSET FOR SET 1 



Fig. 11 



MEASURE CHANNEL QUAUTY ON 
DOWNLINK SLOTS OF SET 2 



GET OFFSET FOR SET 2 



S2 

S3 
S4 

S5 



DETERMINE LEAST DISTURBED CHANNEL \ ^ 

1 r ^ '^ 



S6 



LOCK TO DETERMINED CHANNEL 
AND SET OFFSET OF MOBILE 



END 



S8 




wo 99/38343 



PCT/SE99/00022 



4/4 



START ^^^Q 



MEASURE CHANNEL QUAUTY ON 
DOWNLINK SLOTS OF SET 1 
IN FIRST FREQUENCY BAND 



MEASURE CHANNEL QUALITY ON 
DOWNUNK SLOTS OF SET 2 
IN SECOND FREQUENCY BAND 



SU 



•S12 



S13 



DETERMINE LEAST DISTURBED CHANNEL 



LOCK TO DETERMINED CHANNEL 



■S14 



1 

END 



S15 



Fig. 13 



MS 



CU 



i_. 





P2 


CH 



> 



SWl 



"V:2 



F1/F2 



F2/F1 



TX 



RX 



SW2 



Fig. 14 



WORLD INTELLECTUAL PROPERTY ORGANIZATION 
International Bureau 




PCX 

INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT) 



(51) International Patent Classification 6 : 
H04Q 7/30 



A3 



(11) International Publication Number: WO 99/38343 

(43) International Publication Date: 29 July 1999 (29.07,99) 



(21) International Application Number: PCT/SE99/00022 

(22) International Filing Date: 1 2 January 1 999 ( 1 2.0 1 .99) 



(30) Priority Data: 

9800202-5 



23 January 1998 (23.01.98) 



SE 



(71) Applicant: TELEFONAKTIEBOLAGET LM ERICSSON 

[SE/SE]; S-126 25 Stockholm (SE). 

(72) Inventor: AKERBERG, Dag, E:son; Ekhammarvagen 23. 

S-196 31 Kungsangen (SE). 

(74) Agents: MRAZEK, Werner et al.; Arcs Patent AB, P.O. Box 
1544, S-751 45 Uppsala (SE). 



(81) Designated States: AL, AM, AT, AT (Utility model), AU, AZ, 
BA, BB, BG, BR, BY, CA, CH, CN, CU, CZ. CZ (Utility 
model), DE, DE (Utility model), DK, DK (Utility model), 
EE, EE (Utility model), ES, FI, FI (Utility model), GB. GD, 
GE, GH, GM, HR, HU, ID, IL, IN, IS, JP, KE, KG, KP, 
KR, KZ, LC. LK, LR, LS. LT, LU, LV, MD. MG, MK, 
MN, MW, MX. NO, NZ, PL, PT, RO, RU, SD, SE. SG, 
SI, SK, SK (Utility model). SL, TJ. TM, TR. TT. UA. UG. 
UZ, VN, YU, ZW. ARIPO patent (GH, GM, KE, LS. MW, 
SD, SZ, UG, ZW), Eurasian patent (AM, AZ, BY. KG, KZ, 
MD, RU, TJ, TM), European patent (AT, BE, CH, CY, DE, 
DK, ES, FI, FR, GB, GR, IE, IT, LU, MC, NL, PT, SE), 
OAPI patent (BF, BJ, CF. CG, CI, CM. GA, GN, GW, ML, 
MR, NE, SN, TD, TG). 



Published 

With international search report. 

(88) Date of publication of the international search" report: 

23 September 1999 (23.09.99) 



(54) Title: TDMA-TDD/FDD RADIO COMMUNICATION SYSTEM AND CHANNEL SELECTION METHOD AND APPARATUS 
FOR SUCH A SYSTEM 



FTX 



TncT 



118 128 

:£D[::5^[::::^::rn^ 



120 



J BSl 



FRX r fRXf" 



124 



TrxT 



:^u[::[Rxc ^ bs2 — 



122 



TIME 



126 



(57) Abstract 

A TDMA radio communication system combines time and frequency division duplex. It includes a first base station transmitting in 
first downlink frames (118, 120) on a first carrier frequency (FTX) in a first frequency band and receiving in first uplink frames (122), which 
have no time overlap with the firet downlink frames (118, 120), on a second carrier frequency (FRX) in a second frequency band, which has 
no frequency overlap with the first frequency band. The system also includes a second base station, which has partially overlapping radio 
coverage area with the first base station, but is geographically separated from the first base station in order to avoid that transmission from 
one base station disturbs reception from radio terminals on the other base station. The second base station transmits in second downlink 
frames (128) on the first carrier frequency and receives in second uplink frames (124, 126), which have no time of overlap with the second 
link frames (128), on the second carrier frequency. The first and second link frames are offset to have no time overlap. A network controller 
synchronizes transmission from the first and second base stations. 



INTERNATIONAL SEARCH REPORT 



lHlcrt).i1itni;il ;jppiit;nt)uii No. 

PCT/SE 99/00022 



A. CLASSII'ICA I ION Ol SUIi.lhCI MA I TIiK 



IPC6: H04Q 7/30 

According to Inlernationai Palcnl Clas^iiricalion (Il'C:) or Uj hoih n;ilinn;tl chL^sifujalion iind \ VC 
B. f'HiLDS SI'ARCIHiD 



Minimum documenialion searched (classificalion sysicni fnlluwcd by ulK.ssifiuiition symbol,';) 



IPC6: H04B, H04Q 



DocumenVaOtm searched other lhan minimum documcnlalion lo ilie exlcnl lhal such dncumcDis arc included in ihe fields searched 

SE,DK,FI,NO classes as above 



Electronic data base consulted during the inlcrnalinnal search (name of data base and. where practicable, .search terms used) 



WPIL, JAPIQ, INSPEC, EPOC 



C. DOCUMF-NTS CONSIOKRIiD TO Bl", RI-iLF.VANr 



Category' 



Citation of docuincrtl, wilh inJtca1ii)n. wlici c appropriate, ol the rclcvani passajics 



Relevant lo claim No. 



wo 9721287 Al (ADVANCED MICRO DEVICES, INC.), 

12 June 1997 (12.06.97), see the whole document 



US 5402523 A (JAN-ERIK BERG), 28 March 1995 
(28.03.95), see the whole document 



68 2306083 A (NIPPON TELEGRAPH AND TELEPHONE 

CORPORATION), 23 April 1997 (23.04.97), page 18, 
line 23 - page 19, line 15, figure 15 



1-18 



1-18 



1-14 



I )(| Turtlicr docuincrtts arc listed in the conlinuation oC Box (,'. [ ^[ See patent family annex. 



* Special catcg(»rics of cited documtnts: 

"A" documcnl defining the general stale of the art which is not considered 

tt) he of particular relevance 
*P/ crlicr documcnl hut published on or after the inlcmati<mal filing date 

"1/ documcnl which may Ihrtjw doubt? on priority claim(.s) or u'hich is 
cited lo establish the publication date of another citati(tn or other 
special reason (as sped lied) 

'O" documcnl referring to an oral di.sclo.surc, u.sc, cxhihilitm or other 
means 

•p* document published prior lo the intcmalional filing date hut later lhan 
Ihc priority date claimed 



later document pubhshed after the inlcmalional filing date or priority 
dale and noi in conflict ^vith the applicaticm but cited lo understand 
Ihc principle or Vhcttry undcrt>ing the invention 

document of particular relevance: Ihc claimed invention cannot be 
ctm.sidercd novel or cannot be cttn.sidcred to involve an inventive 
step when the document is taken alone 

document of particular relevance: the claimed invention cannot be 
considered to involve an inventive .step when the document is 
c<imblned uith one or mnrc other .sudi documents, such combination 
being ob\ious to a person skilled in the art 

documcnl member of Ihc same patent family 



Dale of tfic actual completion of the international search 

5 Julv 1999 


Date of mailing of the international search report 

0 8 -07- 1999 


Name and mailing address of t)ic ISA/ 

Swedish Patent Office 

Box 5055, S-102 42 STOCKHOLM 

Facsimile No. + 46 8 666 02 86 


.Authorized otficer 

Stefan Hermanson/mj 

Telephone No. + 46 X 782 25 01) 



I'orm PCr/ISA,/2)0 (second sheet) {July 1992) 



INTERNATIONAL SEARCH REPORT 



IiitL*iMnt*n)iiat ;i|iplicnlit)M No. 

PCT/SE 99/00022 



C: (Contiiiuatioi,). DOCUMIIN I S CONSl DliRi;!) I ( ) \U\ Klil .i:VA N ! 



Cilalion o{* docunicnl, willi in Jiciititni, where nppi npi iaie, ol" liie relevant pa-s.-iajtes 



Relcvnnl to elnini No. 



EP 0530165 A2 (TELEFONAKTIEBOLAGET LM ERICSSON), 
3 March 1993 (03.03.93), column 3, 
line 5 - line 29; column 7, line 21 - column 11, 
line 14, abstract 



US 5475677 A (HAMILTON W. ARNOLD ET AL), 
12 December 1995 (12.12.95), column 5, 
line 46 - column 6, line 17, abstract 



15-18 



15-16 



I'orm l*CI'/ISA/2Il) (wnlinualion of second shed) (July I9V2) 



INTERNATIONAL SEARCH REPORT 

IitruniiatiDfi t>ii pntcn! family micimItcis 



01/06/99 



InlLTiinliininl npplicnliun No. 

PCT/SE 99/00022 



Paienl ducutncnl 


I'ublicalitm 


J^ilciU family 


I'ublicavion 


dtcd in scarth report 


dale 


rTn:mbcr(?;) 


dale 



WO 9721287 Al 



12/06/97 



EP 0865693 A 



23/09/98 



US 5402523 A 28/03/95 AU 650561 B 23/06/94 

AU 2133592 A 04/03/93 

DE 69219251 DJ 14/08/97 

EP 0530161 A,B 03/03/93 

JP 6227091 A 03/09/93 

SE 468965 B,C 19/04/93 

SE 9102492 A 01/03/93 



GB 2306083 A 23/04/97 CN 1157508 A 20/08/97 

GB 9620744 D 00/00/00 
JP 9289500 A 04/11/97 



EP 0530165 A2 03/03/93 AU 661497 B 27/07/95 

AU 2123592 A 25/02/93 

CA 2076571 A 24/02/93 

FI 923783 A 24/02/93 

JP 6189362 A 08/07/94 

NZ 244066 A 27/04/95 



US 5475677 A 


12/12/95 


CA 


2206473 A 


11/07/96 






CN 


1171871 A 


28/01/98 






EP 


0809894 A 


03/12/97 






JP 


10501397 T 


03/02/98 






WO 


9621289 A 


11/07/96 



I'orm HCI7JSA/2I0 (palcnl family annex) (July 1992) 



